This work examines the communication interactions of water suppliers and health authorities with the general public regarding microbial source water quality for recreational and drinking water. We compare current approaches to risk communication observable in British Columbia (BC), Canada, with best practices derived from the communications literature, finding significant gaps between theory and practice. By considering public views and government practices together, we identify key disconnects, leading to the conclusion that at present, neither the public's needs nor public health officials' goals are being met. We find: (1) there is a general lack of awareness and poor understanding by the public of microbial threats to water and the associated health implications; (2) the public often does not know where to find water quality information; (3) public information needs are not identified or met; (4) information sharing by authorities is predominantly one-way and reactive (crisis-oriented); and (5) the effectiveness of communications is not evaluated. There is a need for both improved public understanding of water quality-related risks, and new approaches to ensure information related to water quality reaches audiences. Overall, greater attention should be given to planning and goal setting related to microbial water risk communication.
INTRODUCTION
Water is an important transmission route for human disease (Hrudey & Hrudey ) . At least 28 bacterial, viral and protozoan pathogenic microorganisms are known to have caused waterborne outbreaks of disease via both recreational and drinking water exposures, and there are many more putative waterborne pathogens (WHO ). Although waterborne diseases are often perceived to be a developing world issue, microbial contamination events are prevalent throughout the world, affecting recreational and drinking water supplies in both developed and developing nations (Medema et al.  ; Pond ; Nsiah-Kumi ; WHO ). Drinking water quality can be affected by poor source water quality (SWQ), inadequate treatment or treatment failure, inadequate monitoring, as well as poor responses to these issues. SWQ is also highly relevant given that surface waters such as lakes, reservoirs, rivers and beaches are often used for primary contact recreational activities such as swimming, scuba-diving, windsurfing and waterskiing. (Secondary contact activities refers to fishing and canoeing, etc. Other uses Little is documented regarding the intersect between public expectations of water quality communications and governmental communication practices. This study addresses this gap by exploring microbial water quality communications in British Columbia (BC), Canada. By considering both public views and governmental practices together, we identify key disconnects and suggest that at present, neither public health officials' nor the public's needs are being met. We discuss our findings in relation to risk communication literature and recommend improvements. The main recommendation is to undertake comprehensive communications planning to consider issues such as public perceptions of water quality threats; overall confidence in the supply; receptivity to microbial water quality communication and resource constraints for public health officials and water authorities.
While we recognize the importance of chemical or other contamination risks, these considerations are beyond the scope of this study.
METHODS
This paper reports on research as part of a 4-year (2011) (2012) (2013) (2014) (2015) research project on 'Applied Metagenomics of the Watershed Microbiome'. As part of this broader research project, in this paper we focus on microbial risk in source water, including implications for both drinking and recreational water. The risk communication research included interviews and focus groups with water suppliers, health authorities and the public in BC to gather qualitative data (in total, 87 participants).
Case study selection
The research was conducted in three communities in the province of British Columbia (Table 1) , one from each of the three watershed sampling sites that are part of the broader research effort. Each watershed community receives its drinking water from a surface water municipal supply (private groundwater wells were beyond the scope of this study). Recreational water activities in these watershed communities occur in a variety of water types including lakes, rivers (estuaries) and marine. In general terms, Community One receives drinking water from a protected watershed and recreational water activities are conducted in both freshwater and marine environments (both unprotected). Community Two is similar to Community One (protected drinking water source) but recreational activities are conducted more commonly in marine environments and some beaches nearby have had historical water issues including beach closures, presumed to be microbial contamination from human or animal sources. Community Three is located in a watershed with intense agricultural land use, with freshwater (lakes and rivers) recreational water usage. Our goal is not to offer a comparative analysis across the case study sites, but rather to raise issues of relevance from agency and public perspectives as revealed through research across the different entities. 
Interviews and focus groups
Eight focus groups were conducted with the public (n ¼ 72 individuals). This included two focus groups in each of the three watershed communities; and an additional two focus groups (not community-specific) with members of the public who were professionally associated with the water sector (for example working at a non-profit association related to water conservancy, or working on a research project related to water) or who self-identified as being knowledgeable about water issues.
Phone interviews were conducted with water utilities in each of the three communities (n ¼ 3), representing the municipal water provider from each watershed. All water suppliers interviewed are medium (>10,000 individuals served) to large drinking water systems (>90,000) supplied by surface water. We interviewed those with expertise in water management and policy who were familiar with dayto-day microbial risk assessment, water quality management and communications (interviewees included directors, water process engineers and water utility managers).
Phone interviews were also conducted with representatives from each of BC's five regional health authorities, and included health authority representatives from each of three watershed communities. Representatives from all health authorities were interviewed to develop a broader understanding of water quality communication in BC, as the health authorities are an important source of water quality communication, particularly in the event of a crisis. Participants included managers or directors of environmental health, health protection, and drinking water programs, medical health officers, and a water specialist; those responsible for governing and communicating with the public about water issues (n ¼ 12 individuals). In some interviews, multiple agency representatives participated.
Collection of data
Questions asked for water suppliers included how microbial risk is assessed and managed, identification of key stakeholders for communications, and how information is 
RESULTS
Findings from the public focus groups are presented first, followed by findings from water supplier and health authority interviews.
Public perspectives
Overall, participants in all focus groups have few concerns about microbial water quality. Participants in the community focus groups had little knowledge about microbial water quality; those in the two focus groups comprised of people whose work relates to the water sector were more knowledgeable. There were varied preferences for what information people would like to receive and how.
Public perceptions of water quality
In general, participants in all focus groups reported high confidence in the quality of their drinking water. People described their water as 'the best water in the world' and as having a good smell and taste. As one participant explained, 'I've never really thought about [contamination] .
We have such good water in Canada that it's not really a concern.' People also expressed very little concern about potential threats or contaminants in source water, at least with respect to microbial contamination (some chemical contamination issues were identified). Fecal contamination was mentioned as a concern in all of the focus groups, although the source identified varied. The frequency with which fecal contamination was mentioned as a threat to source water may have been influenced by the participants being aware of the research project with which the focus groups were associated and the discussion at the start of each session about developing new water quality tests to identify fecal contamination in source water. Community Three, which is heavily impacted by agricultural activity, was the only focus group where participants mentioned run-off of manure as a threat to SWQ. In the other groups, participants did not identify agricultural activity but did identify wildlife (in particular geese), dogs, and sewage as fecal sources that could threaten SWQ. Other water concerns noted by focus group participants included over-consumption of water (mentioned by at least one person in each of the communities) as well as air pollution (e.g. from car exhaust, burning coal, mercury, mentioned in three of the groups as having effects for water quality).
Although fecal contamination was noted in several instances, our findings suggest a general lack of awareness of the associated potential threats to human health across all focus groups, including the two non-geographic based groups, where concerns related more to over-consumption and pollution. Participants noted the possibility of getting an upset stomach from microbial contaminants but thought the consequences were likely not serious. Some suggested benefits of fecal inputs due to a sense that it is unhealthy to live in an 'overly hygienic environment'. The lack of concern for some is likely due to a sense that at least for drinking water, treatment is believed to eliminate potential risk. However, we saw a similar lack of concern related to recreational uses. Some drew on personal experience and said they have gone swimming at beaches that were closed because of fecal contamination and they did not get sick. In Communities One and Two, people distinguished between feces from wildlife, which they considered to be 'natural' and thus less dangerous, and human feces, which was of greater concern.
'And then the other issue is the natural things. I think goose poo is meant to be in water, and I think the dead leaves that are composting are meant to be in the water, and that's probably one of the reasons it's good for me in moderation.' Some participants were aware that some diseases are spread through feces, with several suggesting that exposure to feces could make you very sick. The more common sentiment among participants, however, was that exposure would likely not be life threatening. Again, whether this is based on a sense of 'naturalness' or that protection such as monitoring and treatment are in place we are not certain -but it is clear that a general lack of public concern related to microbial risk is in evidence.
In sum, although all focus groups demonstrated that people are aware of some microbial pathways that could compromise water quality -including agricultural activity in Community Three -there is little current concern with respect to implications for drinking water or recreation.
Public information needs
Participants were asked how and if they accessed information about potential contamination in source water.
They noted that in the event of contamination of recreational water, there is often a sign posted at the site.
Participants in all three communities mentioned that water quality information is made available in the local newspapers when there are potential problems in the drinking water, such as high Escherichia coli (E. coli) counts.
Only a few participants were aware that information on water quality is available on municipal government (drinking water and recreational water) and water supplier (drinking water) websites. Participants indicated they rarely access this information, if at all. Despite the availability of water quality information sources, in Communities One and Two, participants felt that there is not currently enough information provided when contamination events occur and they would like to have an improved alert system to notify the public. With respect to how people would like to receive information, there was considerable variability. In Communities One and Two, there was a strong preference to convey SWQ information on the Weather Channel/Network, similar to the way that air quality and the UV indices are shown. Many participants across all groups favored accessing information from a reliable website. Others preferred to receive information from the media, as long as media use information sources that the public perceives as credible (e.g. scientists or others seen to be unbiased and knowledgeable).
Similar to the sense that they are unlikely to want regular information on microbial concerns for SWQ, participants also did not suggest a preference for talking directly with health or water experts (i.e. no respondents mentioned that they would like in-person or two-way communication among their preferred ways of getting information). A selection of participants felt that water quality information does not need to be shared with the public unless there is a problem. It was clear that these people agreed with one participant's sentiment that 'no news is good news'. Here is it imaginable that message fatigue and similar problems would surface if there were regular communications absent a crisis or cause for concern.
Water suppliers and health authorities
Water suppliers and health authority representatives identified two regulatory drivers that influence how they communicate water quality information with the public. Implementing communications: other lessons from best practices As part of communications planning, it is possible to assess the potential effectiveness of best practices such as those outlined below, which relate to the results of our research. 
Proactive communications

